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© Photosensitive recording medium and method of preparing volume type phase hologram member 
using same. 
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© A photosensitive recording medium comprises a composition containing a radical-polymerizabie monomer, a 
cationic-polymerizable monomer, a radical polymerization initiator, and a cationic-polymerization initiator as main 
constituents. A method of producing a hologram comprises a first step of preparing the photosensitive recording 
medium; a second step of exposing the medium to an interference pattern of radiation rays; and a third step of 
exposing the entire region of the medium to light; and optionally a fourth step of heating the entire of the 
medium. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a photosensitive recording medium and a method of preparing a 
volume type phase hologram using the same. 

Related Background Art 

10 When a coherent light wave like a laser beam is projected onto an object, the amplitude and the phase 
of the light wave are modulated in accordance with the shape of the object- The modulated light reflected 
thereon or transmitted is received on a photo-sensitive recording medium and recorded, and a hologram 
thus formed is irradiated by light to reproduce an optical image. 

With the development of the study on holography technique, requirements on the properties of 

75 recording mediums for holography have become more clear. Many materials are proposed for the hologram 
material, such as bleached silver halide, photoresists, thermoplastics, dichromated gelatin, inorganic glass 
materials, ferromagnetic materials, and the like, and the characteristics of the materials are being investi- 
gated comprehensively. 

For example, bleached silver halide, and dichromated gelatin sensitized by Methylene Blue or the like 
20 are well known as a photosensitive hologram recording medium sensitive in a visible region. 

U.S. Patent 4,942,112 discloses a photopolymerizable composition composed of a polymer binder and 
an ethylenic unsaturated monomer having a carbazole ring or an aromatic ring for the photosensitive 
recording medium. 

The properties required to the photosensitive recording medium for hologram are as follows: 
25 (1) High recording sensitivity, in particular, high sensitivity to laser beam in visible region, 

(2) High resolution, 

(3) High diffraction efficiency of hologram, 

(4) Low noise in hologram, 

(5) Stability of hologram, and 

30 (6) Easiness of the operations of recording and reproduction. 

These properties cannot readily be achieved. Only few of known recording mediums have some of the 
above properties at practically usable levels. 

A bleached silver halide type and a dichromated gelatin type of recording mediums are practically 
usable although not being completely satisfactory. However, the former type of mediums has the disadvan- 
35 tages that they require bleaching treatment in addition to the usual treatments and the resulting hologram 
has low light-durability, and the latter type of mediums has serious defect of low water durability. 

The recording mediums described in the aforementioned U.S. Patent 4,942,112 are required to be 
improved to give larger refractive index modulation and to give a hologram of thinner film thickness. 

40 SUMMARY OF THE INVENTION 

The present invention intends to provide an improved photosensitive recording medium having "above- 
described required properties, and a method of preparing a hologram using the recording medium, which 
could not be attained by a known hologram recording medium. 

45 The present invention provides a photosensitive recording medium, comprising a composition contain- 
ing a radical-polymerizable monomer, a cationic-polymerizable monomer, a radical-polymerization initiator, 
and a cationic-polymerization initiator as main constituents. 

The present invention also provides a method of producing a hologram comprising a first step of 
preparing a photosensitive recording medium containing a radical-polymerizable monomer, a cationic- 

50 polymerizable monomer, a radical-polymerization initiator, and a cationic-polymerization initiator as main 
constituents; and a second step of exposing the medium to an interference pattern of radiation rays; and a 
subsequent third step of exposing the entire region of the medium to light. 

The present invention further provides a method of producing a hologram comprising a first step of 
preparing a photosensitive recording medium containing a radical-polymerizable monomer, a cationic- 

55 polymerizable monomer, a radical-polymerization initiator, and a cationic-polymerization initiator as main 
constituents; a second step of exposing the medium to an interference pattern of radiation rays; a third step 
of exposing the entire region of the medium to light; and a fourth step of heating the entire of the medium. 
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BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 illustrates an example of construction optics employed in a process of preparing a hologram. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The photosensitive recording medium of the present invention contains a radical-polymerizable mon- 
omer, a cationic-polymerizable monomer, a radical-polymerization initiator, and a cationic-polymerization 
initiator as main constituents. Firstly, either the radical-polymerizable monomer or the cationic-polymerizable 

to monomer is selectively polymerized imagewise to form a hologram. Namely, either a radical polymerization 
or a cationic polymerization starts selectively and proceeds in bright region (antinodes) by interference 
fringe. As selective monomer is considered to diffuse from dark region (nodes) to bright region, therefore, 
density or refractive index gradient is formed. Subsequently the entire face is exposed to light to polymerize 
the radical polymerizable monomer and the cationic-polymerizable monomer in the non-imaged (nodes) 

15 portion to obtain high modulation of refractive index. 

For example, the recording medium of the present invention is firstly irradiated with coherent light in 
accordance with a hologram information to cause a reaction of only a radical polymerization initiator and to 
polymerize only a radical-polymerizable monomer, whereby hologram is formed on the recording medium. 
In this case, the wavelength range of the irradiation light is selected such that the cationic-polymerization 

20 initiator does not respond to the irradiated light. 

Subsequently, the entire face of the medium is irradiated with another light to which both of the radical- 
polymerization initiator and the cationic-polymerization initiator will respond. 

Consequently, the antinodes portion contains the polymer of the radical-polymerizable monomer, while 
the nodes portion contains both the polymer of the radical-polymerizable monomer and the polymer of the 

25 cationic-polymerizable monomer, thereby causing a large difference between the refractive index of the 
antinodes portion and that of the nodes portion. 

The above is only one example of the present invention. The cationic-polymeizable monomer may 
firstly be polymerized selectively. 

Preferred embodiment is further described to explain the present invention in more detail. 

30 The radical polymerizable monomer to be employed in the present invention may be either monofunc- 
tional or multifunctional, provided that it has an ethylenic unsaturated double bond in the molecule, and may 
be either in a liquid state or in a solid state. 

Specifically, the radical-polymerizable monomer includes 1 ,5-pentanediol diacrylate, ethylene glycol 
diacrylate, 1 ,4-butanediol diacrylate, diethylene glycol diacrylate, hexamethyelne glycol diacrylate, 1,3- 

35 propanediol diacrylate, decamethylene glycol diacrylate, decamethylene glycol dimethacrylate, 1,4- 
hyclohexanediol diacrylate, 2,2-dimethylolpropane diacrylate, glycerol diacrylate, tripropylene glycol dia- 
crylate, glycerol triacrylate, trimethylolpropane triacrylate, pentaerythritol triacrylate, polyoxyethylate 
trimethylolpropane triacrylate or trimethacrylate and analogous compounds to those mentioned in U.S. 
Patent 3,380,831, pentaerythritol tetracrylate, triethylene glycol diacrylate, triethylene glycol dimethacrylate, 

4o polyoxypropyltrimethylolpropane triacrylate, ethylene glycol dimethacrylate, butylene glycol dimethacrylate, 
1 ,3-propanediol dimethacrylate, 1 ,2,4-butanetriol trimethacrylate, 2,2,4-trimethyi-1 ,3-pentanediol 
dimethacrylate, pentaerythritol trimetacrylate, pentaerythritol tetrameth aery late, trimethyrol propane 
trimethacrylate, 1 ,5-pentanediol dimethacrylate, diallyl fumarate, and the like. 

Further, diacrylate and dimethacrylate of bisphenol A, and bisphenol A-epoxy adducts are also useful, 

45 specifically including di(3-methacryloxy-2-hydroxypropyl) ether of bisphenol A, di-(2-methacryloxyethyl) 
ether of bisphenol A, di(3-acryloxy-2-hydroxypropyl) ether of bisphenol A, di(2-acryloxy ethyl) ether of 
bisphenol A, ethoxylate bisphenol A diacrylate, di(3-methacryloxy-2-hydroxypropyl) ether of tetrach- 
lorobisphenol A, di(2-methacryloxyethyl) ether of tetrachlorobisphenol A, di(3-methacryloxy-2-hydrox- 
ypropyl) ether of tetrabromobisphenol A, di(2-methacryloxyethyl) ether of tetrabromobisphenol A, and the 

50 like. 

Further examples of the useful radical-polymtTizable monomers are compounds having an isocyanate 
group, such as adducts of a compound such as 1 ,4-cyclohexyl diisocyanate, 1 ,3.5-cyclohexyl triisocyanate 
and 1,4-benzene diisocyanate with a compounds such as 2-hydroxyethyl acrylate (or methacrylate), and 2- 
hydroxypropyl acrylate. 

55 Still further examples of the useful radical-polymerizable monomers are styrene, 2-chlorostyrene, phenyl 
acrylate, 2-phenylethyl acrylate, 2,2'-di(p-hydroxyphenyl)propane diacrylate and methacrylate, 1,4-benzene 
diacrylate and methacrylate, 1 ,4-diisopropenylbenzene, 1,3,5-triisopropenylbenzene, and the like. 

Still further examples of the preferable radical-polymerizable monomer are shown below: isobornyl 
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methacrylate. isobornyl acrylate, adamantyl acrylate and methacrylate. CR-39; acrylate, methacrylate. 
diacrylate and dimethacrylate having a dicyclopentadiene represented by the structural formula (X) below 
on the side chain: 



(X) 




10 



R (R=H,CH_,C1) 



75 



CH 2 =C-C-0-(CH 2 -CH 2 -0) n -t- )J7J (n=l-3) 




20 



25 



CH 2 =C-C-(0-CH 2 -CH 2 -) n -S-£^I^] (n=l-3) 



R (R=H,CH_,C1) 

« _ 

0 



phentyl methacrylate, l-menthyl methacrylate, dimethyladamantyl methacrylate; the compounds repre- 
sented by the general formula (I) below: 

30 



35 



CH=CH 2 CH=CH* 

(I) 



(where A represents 



40 



45 



so 



55 



R 

-0-(CH*)„-0-. -0-(CH 2 CH0)n- 

R R R 

-0-(CHCH 2 0)Tr^^-C-^)40CH 2 CH)«-0- , 

R (R=H.CH,.C 2 H 6 ) 

0 0 0 0 

U, .II II II 

-0-C-(CH a ) „-C-0-. -0-C-CH=CH-C-0- . 

0 CH 3 0 0 CHs 0 

n i ii. n i ii 

-O-C-CH2-C— C-0-. -0-C-C=CH-C-0-. 
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5 




CH 2 0-(CH 2 CH 2 0)„X 



10 



0 



15 



(x isCH 2 =C-CH 2 0jp CH*=C-C- (R=H, CH 3 » CI) ) 
R 0 R 



The present invention, however, is not limited to the above monomers. 

The radical-polymerizable monomer is incorporated in the photosensitive composition in an amount of 
20 from 10 to 60 % by weight. 

Next, the cationic-polymerizable monomer employed in the present invention is described below. The 
cationic-polymerizable monomer generally has, in the molecule, a cyclic ether or thioether group such as 
epoxy ring. In particular, in view of the sensitivity, typical alicyclic compounds are listed below without 
limiting the invention. 



30 



35 



40 



45 



50 
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30 



35 
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o o 

CH*-CH-(CH*) io-CH-CH* 
CH, 

cHr^ o 
:h-ch 



OV 



o 

n 



oc0- CH ' oc O° 

0 I 

oq 3-°°- <CH * )>co x>o 

0 0 0 0 

/ \ fl ^ II / \ 

CH 2 -CH-CH*0C-(p3-C0CHz-CH-CHa 

(1.2-, 1,3-, and 1,4- isomers) 

0 0 0 o x 

/ \ II ^\ II / \ 

CHz-CH-CHiC-KH-CCH 2 -CH-CH» 

(1,2-, 1,3-, and 1,4- isomers) 
0 0 0 0 

/ \ H II / \ 

CH 2 -CH-CH 2 C-^M-COCH 2 -CH-CH 2 

(1,2—, 1,3-, and 1,4- isomers) 
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0 CHs 0 

CH 2 -CH- 0-^O)-CIKO>- OCH 2 CH- CH a 
CH. 

0 0 
/ \ , • / \ 

CH 2 -CH-CH 2 -0- (CH*)- -OCH 2 -CH-CH 2 

0 0 

/ \ , / \ 

CH*-CH-CH 2 -0- (CH 2 ) z -OCH 2 -CH-CH 2 

0 0 
CH 2 -CH-CH 2 -0- (CH 2 ) 6-0CHz-CH-CH 2 



CH, | | ^CH, 
CH, CH, 



9 o 
I / \ 

~0-CH 2 -CH-CH 2 



CO-CH 2 -CH-CH 2 
II \ / 

0 0 



(1,2-, 1,3-, and 1,4- isomers) 
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25 



30 



35 




0 0 

B / \ 

C0-CH 2 -CH-CH 2 

CH:" 

■CO-CH 2 -CH-CH 2 

\ / 
0 0 

w 0 0 

n / \ 

/ \ U £gv-CO-CH 2 -CH-CH a 

CHz-CH-CH a OC^-^CO-CH,-CH-CH 2 

II \ / 



0 0 
II / \ 

20 £0-CH 2 -CH-CH 2 



CD 



CO-CH 2 -CH-CH : 

H \ / 

0 0 



0 0 0 0 0 o x 

/ \ a ii « a / \ 

CH 2 -CH-CH*OC v CO(CH 2 )«OC v XO-CH 2 -CH-CH 2 




0> <Q 




& A 

CH 2 OC0^^CO0CH 2 -CH-CH 2 

40 I ' & A 

CH 3 CH 2 C-CH 2 0CO^~^COOCH 2 -CH-CH 2 

I Q A 

45 CH 2 OC0^^COOCH 2 -CH-CH 2 



The vinyl ethers shown below are also useful (see J.V. Crivello, et al.: Journal of Polymer Science, 
Polymer Chemistry Ed. 21. 1785 (1983)). 

50 



55 
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10 



CH* 
j 

CHz=CH0CH 2 CH 2 0-^^C-^^-0CH 2 CH z 0CH=CH: 

CHa 

CH 2 = CH0CH 2 CH 2 0-^G/ 

(1,2-, 1,3-, 1 ,4-isbmers ) 

OCH 2 CH*OCH=CH 2 



/ — V 

75 CH 2 =CH0CH*CH*0\GO 



20 



t-Bu 

(1,2-, 1,3-, 1,4-isomers) 



Further, spiro-orthoesters, spiro-orthocarbonate, and bicyclo-orthoesters are also useful. The examples 
are shown below. These compounds preferably cause large modulation of the refractive index since they 
have small volume-constriction on polymerization. 

25 



30 



35 



<x°>*> 



/ CH *\ 

40 R-C-CH 2 0-C-R 

45 (where R is an alkyl group, or an alkoxy group, and n is an integer.) 

The cationic-polymerizable monomer is incorporated in the photosensitive composition in an amount of 
from 10 to 60 % by weight. 

As the polymerizable monomer in the present invention, there may be used an amphoteric compound 
having both an ethylenic unsaturated double bond and a cationic-polymerizable structure. The examples are 
so vinyl monomers having a (cationic-polymerizable) carbazole ring such as N-vinylcarbazole, 3-ehlorovinylcar- 
bazole, 3,6-dibromo-9-vinylcarbazole, and the like. Further, the compounds of the structure having an 
ethylenic unsaturated double bond as shown below may also be used. 

55 
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The aforementioned amphoteric monomers have separate reaction sites for radical polymerization and 
io cationic polymerization, thereby causing refractive index modulation. Therefore, by use of such amphoteric 
monomer in the present invention, hologram can be recorded with one amphoteric monomer, a radical- 
polymerization initiator, and a cationic-polymerization initiator. 

The photo-polymerization initiator employed in the present invention, which consists of radical poly- 
merization initiator and cationic-polymerization initiator, is explained below. 
75 As the radical-polymerization initiator, useful are conventionally employed aromatic ketones, aromatic 
diketones, and the like. The examples are benzophenone derivatives, benzoin derivatives, benzil derivatives, 
xanthone derivatives, thioxanthone derivatives, ketocoumarine derivatives, and so forth. 

Specific examples include benzophenone, Michler's ketone, benzil, 4,4'-dimethoxybenzil, camphor- 
quinone, benzophenone derivatives having a peroxy-acid-ester structure, xanthone, thioxanthone, 2- 
20 chlorothioxanthone, 3-ketocoumarine derivatives (see: Donald P.S. Pecht, et al.: Tetrahedron, Vol. 38, No. 9, 
1203-1211 (1982)), and so forth. Further, commercially available lrgacure-1 84, -651, and -907 supplied by 
Ciba Geigy Co. are useful. The formulas thereof are shown below. 



Irgacure-907 



30 

Irgacure-184 



35 




Irgacure-651 q OCH 3 



40 



OCH 3 



45 Most of these compounds exhibit effective light absorption at a short wavelength region (a UV region) of 
400 nm or shorter. However, a radical-polymerization initiator which is effective in a visible region is 
desirable for hologram recording. 

Preferable examples of such an initiator include 3, 3'-carbonylbiscou marine having a dialkylamino group 
at . 7-position from among the aforementioned 3-ketocoumarine derivatives, since it is capable of being 
so sensitized at the wavelength of up to about 500 nm. 

The cationic dye-borate anion complexes described in Japanese Patent Application Laid-Open Nos. 62- 
143044 and 62-150242 are made sensitive in the wavelength region of up to about 700-800 nm by suitably 
selecting the dye. and are especially useful as the radical-polymerization initiator of the present invention. 
In recent years, polymerization initiators, which are a combination of a radical-polymerization initiator 
55 with a sensitizer capable of absorbing light effectively in visible region, are comprehensively investigated. 
Such initiators as of the type are also useful in the present invention. The sensitizer used therefor includes 
merrocyanine dyes, coumarine dyes, anthraquinone dyes, styryl phenyl ketone derivatives having a 
dialkylamino group, styryl styryl ketone derivatives, and the like. The radical-polymerization initiator includes 
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camphorquinone, diphenyl iodonium salt, biimidazole derivatives, and the like. 

In the case where the radical-polymerization initiator employed is diphenyl iodonium salt, the counter 
ion such as B G F*. P°F 6 . and As G F& generates a strong acid which initiates cationic polymerization, and 
therefore the generation of a strong acid needs to be suppressed by using a counter anion such as B°- 
5 (phenyl^. The sensitivity of the radical-polymerization initiator can be improved by adding an amine or a 
mercaptane as the hydrogen donor. 

The radical-polymerization initiator is used singly, and is added to the sensitization composition in an 
amount of from 0.5 to 5 wt%. 

Further the initiator is used in combination with a sensitizer. In this case, the initiator and the sensitizer 
w are added thereto in an amount of from 0.5 to 5 wt% collectively. 

The cationic-polymerizatipn initiator used in the present invention is explained below. 

The useful cationic-polymerization initiator includes salts having non-nucleophilic anion such as B G F4, 
P G F 6 . As°F 6 , Sb G F 6f and so forth. The examples thereof are shown below. 



75 



25 



35 



45 



ft* 



20 0 



Ar-C-CH 2 -r^T^) X 0 
0 

B 

Ar-C-CfU-P?Ar, X 0 



30 OAr 

I 



Ar-S®-Ar X G 



Ar 



Ar^S^Ar X e 

40 



s-s 



50 



55 
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10 



15 



20 




2X e 




Fe® X e 



where Ar is an aryl group; X~ is an anion of B~F4,P~F 6 , As~F 6 , or Sb~F 6 ; R' is an alkyl group or an alkoxy 
group. 

The compounds of AM*-Ar X~, although they seem to be useful, cannot be used because they have 
25 high ability of initiating radical polymerization as mentioned above. 

The above cationic-polymerization initiators are made sensitive in visible light region by combining with 
a sensitizing dye such as Acridine Orange, Acridine Yellow, Phosphine R, benzoflavin, merrocyanine, and 
so forth. 

Such a cationic-polymerization initiator is used singly or in combination with a sensitizing dye, and is 
30 incorporated in the photosensitive composition in an amount of from 0.5 to 5 wt%. 

The essential constituents of the recording medium of the present invention are described above. The 
recording medium of the present invention may suitably further contain a binder, a plasticizer, a stabilizer, 
or the like according to the purpose such as increase of contrast, improvement in heat stability, and 
improvement in film formation property. 
35 Any organic linear polymer which is compatible with the aforementioned essential components may be 
used as the binder. 

The examples of the binder include cellulose acetate lactate, polymethyl methacrylate, acryl type 
polymers and interpolymers including methyl methacrylate/methacrylic acid copolymers and methyl 
methacry late/acrylic acid copolymers, terpolymers of methyl methacry late/(C 2 -C«. alkyl aery late or 
40 methacry late )/(acry lie or methacry He acid), polyvinyl acetate, polyvinylacetal, polyvinylbutyral, polyvinylfor- 
mal, and the like. 

The examples of the plasticizer are triethylene glycol, triethylene glycol diacetate, triethylene glycol 
dipropionate, triethylene glycol dicaprate, triethylene glycol dimethyl ether, triethylene glycol bis(2-ethylhex- 
anoate), tetraethylene glycol diheptanoate, poly(ethylene glycol), poly(ethylene glycol) methyl ether, 
45 isopropylnaphthalene, diisopropylnaphthalene, poly(propylene glycol) glyceryltributyrate, diethyl adipate, 
diethyl cebacate, tributyl phosphate, tris(2-ethylhexyl) phosphate, B REE® 30 [Ci 2 H 25 (OCH 2 CH 2 )4 0H], 
BREE®35 [Ci 2 H 25 (OCH 2 CH 2 ) 20 OH], and the like. 

The examples of the useful stabilizer are hydroquinone, Phenidone, p-methoxyphenol, alkyl- or allyl- 
substituted hydroquinones and quinones, t-butylcatechol, pyrogallol, copper resinate, naphtylamine, 
so naphthol, cuprous chloride, 2,6-di-t-butyl-p-cresol, phenothiazine, pyridine, nitrobenzene, dinitrobenzene. p- 
toluquinone, chloranil, and the like. 

The operation of preparing the hologram by use of the recording medium of the present invention is 
described below. 

The essential constituents of the present invention and optional additives are dissolved or dispersed in a 
55 solvent. Then the solution or the dispersion is applied on a glass plate or a transparent film as a support. 
After drying, a transparent film such as a polyethylene terephthalate film is laminated thereon as a retaining 
layer (which serves also to intercept oxygen). 

Subsequently, laser beam is irradiated to the above recording medium: the laser beam which causes 

12 
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the reaction of the initiator for polymerizing selectively the intended monomer contained in the medium. 
Thereby a hologram is formed. 

Here, the case is explained below in which a hologram recording medium contains a radical- 
polymerization initiator causing reaction by visible light and a cationic-polymerization initiator causing 
5 reaction by ultraviolet light. 

Fig. 1 illustrates an example of a construction optics employed in a process of preparing hologram. In 
Fig. 1, the numeral 1 denotes a light source (laser); 2 a half mirror; 3 a mirror; 4 a beam expander (x 20); 
and 5 a recording medium. 

Hologram is recorded by an interference pattern produced by two coherent beams, comprising an 
70 object beam and a reference beam which have a wavelength within the photosensitive range of the radical- 
polymerization initiator. Consequently, only the radical-polymerizable monomer in the bright portion poly- 
merizes selectively, forming volume type phase hologram. 

Thereafter, the entire face of the recording medium is exposed to light (in the region from ultraviolet 
light to visible light) such as light from Xe-ray lamp, to which both of the radical-polymerization initiator and 
75 the cationic-polymerization initiator respond, to polymerize the radical-polymerizable monomer and the 
cationic-polymerizable monomer in the nodes respectively. 

By the above-mentioned process, the antinodes portion of the medium is constituted only of a polymer 
derived from the radical-polymerizable monomer, while the other portion of the medium is constituted of a 
mixture of a polymer of the radical-polymerizable monomer and a polymer of the cationic-polymerizable 
20 monomer. Thereby, modulation of refractive index is brought about between the two portions. 

The resulting hologram has sufficiently modulation of refractive index. In some cases, the extent of the 
modulation of refractive index is further increased by suitable swelling treatment or heating treatment. The 
heating treatment is conducted preferably at a temperature in the range of from 50 to 150*C, more 
preferably from 80 to 120° C, for a time of from 30 to 120 minutes. 
25 Before exposure to light of interference pattern, the radical-polymerizable monomer and the cationic- 
polymerizable monomer may be preliminarily polymerized to some extent by exposure to an Xe-ray lamp. 

The present invention is described in more detail by reference to examples. 



The components below were dissolved in a mixture of chlorobenzene and dichloromethane in the 
volume ratio of 4:1. The solution was applied on a glass substrate plate, and dried to form a film of 10 urn 
thick. 

35 - Radical-polymerizable monomer: 



Example 1 



30 



40 




( 1 , 4-isomer ) 



45 



- Cationic-polymerizable monomer: 



50 



0 

II 




23 vtt% 



55 



Radical-polymerization initiator: 
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2 wtSS 



10 



Camphor qui none 



2 wt% 



75 



Et 



OOEt 



1 wt% 



20 - Cationic-polymerization initiator: 



25 




0> s ^)/ peF - 



2 wt% 



30 



Binder: 



35 



PMMA (Elvacite 2401 made by DuPont) 



35 wt% 



Onto this film, a polyethyelne terephthalate film is laminated in a thickness of 3.5 urn to prepare a 
recording medium. 

The above recording medium was firstly exposed to laser beam from an Ar laser (488 nm) by means of 
40 an apparatus as shown in Fig. 1 (about 200 mJ/cm 2 ). Subsequently, the entire face of the recording medium 
is exposed to light from a 500-W Xe-lamp at a distance of 20 cm from the recording medium face for about 
10 seconds. 

The resulting hologram was a volume type phase hologram having diffraction efficiency of 80 % and 
transmittance of 72 %. 

45 

Example 2 

A recording medium was prepared in the same manner as in Example 1 except that the components 
below were used. 



50 



- Radical-polymerizable monomer: 



55 



14 
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0 

CH 2 =CH-C-0-C*H« C C 2 H.-0-C-CH=CH 2 

C 2 H.-0-C-CH=CH 2 



10 

- Cationic-polymerizable monomer: 

75 



(CH 2 =CH-0-C 2 H.-OH-<S) 4-5 wt* 

N — ^-t-Bu 

20 (1,4-isomer) 



- Radical-polymerization initiator: 

25 



30 



B 0 nC.H 9 2 wtJK 



35 Et 2 N-(o)-C00Et 



40 - Cationic-polymerization initiator: 



1 wt% 



0 



so With this recording medium, a hologram was obtained in the same manner as in Example 1 except that 
He-Ne laser was used as the light source in the apparatus as shown in Fig. 1. 

The resulting hologram was a volume type phase hologram having diffraction efficiency of 82 % and 
transmittance of 80 %. 

55 Example 3 

A recording medium was prepared in the same manner as in Example 1 except that the components 
below were used. 

15 
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- Radical-polymerizable monomer: 



(CH 2 =CH-C-CH 2 -CH 2 -0-C-NH-CH 2 tr^) 
0 



II 
0 



50 wt% 



10 



(1 ,4-isoraer) 



75 



Cationic-polymerizable monomer: 



CH 



20 wt% 



20 



- Radical-polymerization initiator: 



25 



° OCH^ 

I 3 \ 



<2> C -?A°> 



I 

OCH- 



5 wt% 



30 



- Cationic-polymerization initiator: 

Acridine Orange 



35 



2 wt% 
2 wt% 



40 



- Binder: 



45 



PMMA (Elvacite 2401 made by DuPont) 21 wt% 



With this recording medium, a hologram was prepared in the same manner as in Example 1. 
Incidentally, the light source as shown in Fig. 1 employed in this Example was an argon laser (488 nm). 
The resulting hologram was a volume type phase hologram having diffraction efficiency of 75 % and 
so transrhittance of 83 %. 

In this Example, the cationic-polymeizable monomer was selectively polymerized by an interference 
pattern. 



55 



Example 4 

A recording medium was prepared in the same manner as in Example 1 except that the components 
below were used. 
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- Radical-polymerizable monomer: 



CH 2 =CHCOOC 2 H 



h0 2 hcJO3^ch 2 0CzHh00cch=ch 2 55 wt * 



to - Cationic-polymerizable monomer: 

(CH 2 = CH-0-C 2 H.-0)^(o) 40 wt * 

V "^t-Bu 

75 

( 1 , 4-isomer ) 



20 - Radical-polymerization initiator: 

1,3,3,1' , 3 1 ,3' -hexamethyl-2 , 2 1 - 
2 * indodicarbocyanine tri-p- 

methoxyphenylbutylborate 2 wt% 



30 



Et 2 l^(^C00Et 



1 wtSfe 



35 



Cationic-polymerization initiator: 



40 



2 wtSfe 



45 



With this recording medium, a hologram was obtained in the same manner as in Example 1. 
The resulting hologram was a volume type phase hologram having diffraction efficiency of 50 % and 
transmittance of 85 %. 

The above hologram was heated at 120*C for 30 minutes, thereby a volume type phase hologram 
so being obtained, which had diffraction efficiency of 83 % and transmittance of 80 %. 

Example 5 

The hologram obtained in Example 1 was heated at 1 20 * C for 2 hours. Consequently, the diffraction 
55 efficiency was improved from 80 % to 93 %. 

Examples 6-8 
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Three kinds of recording mediums different in thickness were prepared in the same manner as in 
Example 1 except that the components below were used: the thicknesses being 7 urn in Example 6. 15 urn 
in Example 7, and 23 urn in Example 8. 

5 - Radical-polymerizable monomer: 



CH 0 = CH — C — eOCH 



- Cationic-polymerizable monomer: 

75 



2 CH 2 V S -££^] 50 wt% 



C> O— \ 42 wt% 



20 



CU U — v 



- Radical-polymerization initiator: 

25 



© / 



l8 ~ ^ ~ ^ /Ph 3 B°nC.H 9 



30 



Et 2 N-^5^C00Et 1 wt% 



35 



Cationic-polymerization initiator: 

© 



40 



( lOJ— hr-s cf^cocP 



4 wt% 



45 By using the above recording mediums, holograms were prepared in the same manner as in Example 

2. 

The resulting holograms had the diffraction efficiencies below: 
Example 6 (thickness: 7 urn) : 35 % 
Example 7 (thickness: 15 um) : 63 % 
50 Example 8 (thickness: 23 urn) : 80 % 

Examples 9-11 

Three kinds of recording mediums were prepared in the same maner as in Example 7 except that the 
55 cationic-polymerizable monomer was replaced by the following three compounds respectively. 

Example 9 (Cationic-polymerizable monomer) 
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Example 10 (Cationic-polymerizable monomer) 



CH 



3 




CH 



3 



Example 1 1 (Cationic-polymerizable monomer) 



(CH 2 = 



CH — O — CH 2 CH 2 — O 




Holograms were prepared by using the above recording mediums in the same manner as in Example 2. 
The prepared holograms were heated at 100°C for one hour. The resulting holograms had the diffraction 
efficiencies as below: 
Example 9: 87 % (Diffraction efficiency) 
Example 10: 67 % (Diffraction efficiency) 
Example 1 1 : 30 % (Diffraction efficiency) 

As described above, the present invention provides a photosensitive recording medium and a hologram 
having excellent properties below: 

(1 ) The hologram has high resolution and high diffraction efficiency stably. 

(2) Large refractive index modulation is obtained by operations of interference pattern exposure and 
entire face exposure only. 

(3) Hologram recording is feasible in a visible region by selecting the radical-polymerization initiator and 
the cationic-polymerization initiator. 

(4) The recording medium have a good durability. 

(5) The recorded hologram is stable in storage (resistant to environment) since the monomer has been 
changed to a polymer in the whole region. 

A photosensitive recording medium comprises a composition containing a radical-polymerizable mon- 
omer, a cationic-polymerizable monomer, a radical polymerization initiator, and a cationic-polymerization 
initiator as main constituents. A method of producing a hologram comprises a first step of preparing the 
photosensitive recording medium; a second step of exposing the medium to an interference pattern of 
radiation rays; and a third step of exposing the entire region of the medium to light; and optionally a fourth 
step of heating the entire of the medium. 



1. A photosensitive recording medium comprising a composition containing a radical-polymerizable 
monomer, a cationic-polymerizable monomer, a radical-polymerization initiator, and a cationic-poly- 
merization initiator as main constituents. 

2. The photosensitive recording medium according to Claim 1, wherein the composition further contains a 



& The photosensitive recording medium according to Claim 1, wherein the composition contains the 
radical-polymerizable monomer in an amount of from 10 to 60 % by weight. 



Claims 



binder. 
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The photosensitive recording medium according to Claim 1. wherein the composition contains the 
cationic-polymerizable monomer in an amount of from 10 to 60 % by weight. 

The photosensitive recording medium according to Claim 1, wherein both the radical-polymerization 
initiator and the cationic-polymerization initiator are photosensitive. 

The photosensitive recording medium according to Claim 1, having sensitivity in a visible region. 

The photosensitive recording medium according to Claim 1, wherein the radical-polymerization initiator 
and the cationic-polymerization initiator are sensitive in respective different light wavelength regions 
from each other. 

The photosensitive recording medium according to Claim 1, wherein the composition is applied on a 
substrate to form a coating film. 

The photosensitive recording medium according to Claim 1 . having sensitivity in a ultraviolet region and 
a visible region. 

10. A method of producing a hologram comprising a first step of preparing a photosensitive recording 
20 medium containing a radical-polymerizable monomer, a cationic-polymerizable monomer, a radical- 
polymerization initiator, and a cationic-polymerization initiator as main constituents; and a second step 
of exposing the medium to an interference pattern of radiation rays; and a subsequent third step of 
exposing the entire region of the medium to light. 

25 11. The method according to Claim 10, wherein the second step is practiced by using visible light. 

12. The method according to Claim 10, wherein the third step is practiced by using ultraviolet light or 
visible light. 

30 13. The method according to Claim 10, wherein either one of the radical-polymerizable monomer or the 
cationic-polymerizable monomer is polymerized in the second step. 

14. The method according to Claim 10, wherein both of the radical-polymerizable monomer and the 
cationic-polymerizable monomer are polymerized in the third step. 

15. A method of producing a hologram comprising a first step of preparing a photosensitive recording 
medium containing a radical-polymerizable monomer, a cationic-polymerizable monomer, a radical 
polymerization initiator, and a cationic polymerization initiator as main constituents; a second step of 
exposing the medium to an interference pattern of radiation rays; a third step of exposing the entire 
region of the medium to light; and a fourth step of heating the entire of the medium. 

16. The method according to Claim 15, wherein the third step and the fourth step are sequentially 
practiced. 

45 17. The method according to Claim 15, wherein the third step and the fourth step are simultaneously 
practiced. 

18. The method according to Claim 15. wherein the second step is practiced by using visible light. 

so 19. The method according to Claim 15, wherein the third step is practiced by using ultraviolet light or 
visible light 

20. The method according to Claim 15. wherein either one of the radical-polymerizable monomer or the 
cationic-polymerizable monomer is polymerized in the second step. 

55 

21. The method according to Claim 15. wherein both of the radical-polymerizable monomer and the 
cationic-polymerizable monomer are polymerized. 



6. 
7. 



15 



20 
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22. The method according to Claim 15. wherein the fourth step is practiced at a temperature in the range of 
from 50 to 150° C for a time of 30 to 120 minutes. 

23. Use of the photosensitive recording medium of Claim 1 for preparation of hologram. 

5 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 
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FIG. I 
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